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Reduction of visual acuity decreases capacity to evaluate 
radiographic image quality  
Introduction 
 
Diagnostic radiographers are required to evaluate radiographs to ensure technical quality.1 In 
some countries formal image interpretation is also provided by radiographers as a diagnostic 
report.2,3 In order to perform these tasks radiographers rely on several attributes: anatomical 
knowledge, sound radiographic technique, interpretation of image characteristics such as 
contrast and noise, and the confidence to make informed decisions.4  
The human visual system (HVS) is crucial to this process, but is not given enough attention as 
a confounding factor for image evaluation or interpretation.5,6,7  The HVS is a sensorial organ 
composed by the eye, the lateral geniculate nucleus and the visual cortex. These components 
work together to constantly adapt to different luminance levels and to have a response to 
frequency that are characteristic to each person since it is involve the eye itself and the brain 
that processes the information.8,9 Previous studies have shown that performance of the eye 
changes with age, pupil diameter, hyperopia, photopic conditions, and the time of day.10–12 
Furthermore, only half of the general population is able to identify just noticeable differences 
(JNDs) due to different levels of contrast sensitivity.7 JNDs are considered, in this specific 
context, the smallest luminance difference that the human observer can detect when an 
object of a certain size is displayed at a certain background luminance level.13 
Although most countries will have Health and Safety guidelines for the use of visual display 
devices, and guidance on ergonomics, there is currently no requirements for eye tests for staff 
with responsibility for image evaluation and interpretation, there is also no evidence to 
suggest whether this is necessary.14 Therefore, the effect of visual acuity reduction on image 
evaluation is an important under-researched area.6,12  
The question of visual acuity testing for radiologists has been raised by several authors in the 
past 15,16. The question of radiologists eyesight is clearly related to the detection task and is 
acknowledged as such in the literature. The fact that fatigue tires the eyes has been 
extensively studied and is considered and insidious problem, contributing to several 
catastrophic failures in radiology 17–21. Visual display devices (VDU) have been linked to fatigue 
for some time22–26 as has surrounding illumination27 and viewing distance28 . VDU syndrome 
is sometime that Occupational Health practitioners have introduced guidelines. However, 
when it comes to image quality analysis by radiographers, there have been papers considering  
radiographers as mammogram reporters29 , some considering the method and doing 
preliminary investigation of the literature 30,31 which concluded “Further studies are necessary 
to understand fully the relationship between visual performance on tests and diagnostic 
accuracy in practice”. Accordingly, this study has the following objectives: a) to determine the 
impact of reduced visual acuity on a simple task (object counting in a phantom); and b) assess 




Ethical approval was granted by the Research Ethics Panel, School of Health and Society, 
University of Salford (HSR1819-115). Written informed consent was obtained from each 
observer prior to participation in the study. Information was provided to observers using a 
poster and an information sheet. Observers could withdraw at any time and no incentives 
were offered.  
 
Observers 
Participants were BSc Radiography students from 5 institutions from across Europe and South 
Africa who were attending the OPTIMAX summer school. Observers wearing prescription 
glasses were required to use them when performing the experimental tasks and ‘simulation 
glasses’29 were placed on top of them. The same simulation glasses were also used for 
observers who did not wear prescription glasses. 
 
Viewing Conditions/Materials 
A 2.3 Megapixel NEC EA243WM (Tokyo, Japan) monitor was used in this study, exceeding the 
minimum recommended specification for clinical review set out in The Royal College of 
Radiologists Picture archiving and communication systems (PACS) and guidelines on diagnostic 
display device.32 The monitors were calibrated to the American College of Radiology (ACR) and 
the National Electrical Manufacturers Association (NEMA) (ACR-NEMA) Digital Imaging and 
Communications in Medicine (DICOM) part 14 standard33 using a Society of Motion Picture 
and Television Engineers (SMPTE) RP133 test pattern.34 Ambient lighting was controlled using 
an X2 RaySafe lux meter (Billdal, Sweden) and maintained at 7 lux (standard error ± 1 lux) as 
suggested in the literature and by the European Commission.35–39 Observers were positioned 
at a distance of 60 cm from the monitor for both phases of this study.32  
  
Simulation Glasses 
To achieve a reduction in visual acuity, simulation glasses from the University of Cambridge 
inclusivity toolkit (Cambridge, UK) were used. The visual impact of the glasses has been tested 
previously40–42, using the Logarithm of the Minimum Angle of Resolution (log MAR) as a scale to 
score the visual acuity. One pair of glasses results in a reduction of 0.08 log MAR, while 2 pairs 
gives reduction of 0.26 log MAR43 (Figure 1). These equate roughly to 20/25 and 20/40 vision 
on the imperial Snellen scale43, respectively. One pair of glasses was used to degrade slightly 
the vision and 2 pairs were used to degrade it further to identify the impact of visual 
degradation on the identification of subtle anatomical details. 
 
(a)         (b)     (c) 
 
 3 
         
Figure 1: Cambridge Simulation Loss of Contrast Glasses - impact on the visualisation of text: (a) no 
glasses, (b) uses of one pair of glasses - shown aside, and (c) two pairs of glasses. 
 
 
Figure 2:  Demonstration of Cambridge Simulation Glasses in use.  
 
Phase 1: Phantom Study 
Two types of phantom images were used for phase 1 of this study: the TORMAM phantom 
(Figure 3) and the RaySafe Pro-Digi Radiography phantom (Billdal, Sweden) (Figure 4).  RaySafe 
Pro-Digi Radiography is a multi-functional phantom designed to analyse beam alignment, 
dynamic range, contrast resolution, spatial resolution, and homogeneity of image having 
different tools to verify all these parameters. Images of the TORMAM phantom included 6 
groups of multi-directional filaments, 6 groups of microcalcifications and 6 groups of 3 nodules 
with different contrast levels.44,45 Phantom images are homogeneous and represent a "signal-
known-exactly/background-known-exactly" ("SKE/ BKE") test. This can help predict the 
outcome in clinical images. Observers received training to evaluate the phantoms, which 
comprised counting objects of each type within the image.  
All phantom images were displayed using ImageJ software (Maryland, USA). Using the 
phantom images, the visual task was undertaken in three conditions. First with 2 pairs of 
glasses simulation glasses, second with 1 pair of glasses, third without simulation glasses. After 




Figure 3 - TORMAM phantom: a) clinical image of the phantom and b) scheme of the details observed 
(multi-directional filaments, microcalcifications and low contrast details simulating nodules. For each 
detail under assessment, the observers needed to attribute 3 if it was clearly visible and well defined, 2 
was attributed when was visible, 1 if it was not defined but still visible and “0” if it was not visible at 
all.32  
 
(a)    (b) 
 
 
Figure 4 - RaySafe Pro-Digi Radiography phantom image (a) and the details that observers needed to 
evaluate by counting (b). 
 
 
Phase 2: Clinical Image Evaluation Study 
Clinical images were also used to see the impact of anatomical variation and differences in 
contrast and brightness of structures on image evaluation with reduced visual acuity. The 
patient variations can promote image quality variations making comparisons more difficult. 
For that, thirty anonymized appendicular skeletal radiographic images were selected: hands 
(n=6), tibia/fibula (n=5), shoulder (n=1), wrist (n=6), foot (n=6), ankle (n=4), knees (n=2). 
Observers had an explanation of how to evaluate image quality and use the visual grading 
scale in ViewDEX.46,47  
ViewDex (v.2.0) software (Brämhultsvägen, Sweden) was utilized to display images and 
capture observer responses.46,47 The criteria from the DIMOND 348  report were used as 
reference to develop the five questions (Figure 5) used to perform image evaluation. 
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Additionally, questions were also designed to include broader anatomical aspects (soft tissues, 
cortical and trabecular bone) to be applicable to all of the radiographic images, regardless of 
body part. A 4-point Likert scale was used to identify the definition of anatomical structures.49 




The cortical margins of the bone are 
1 – Not Defined 2 - Slightly defined 3 - Defined 4-Clearly defined 
The trabecular patterns of the bone are 
1 – Not Defined 2 - Slightly defined 3 - Defined 4-Clearly defined 
The joint spaces between the bones are 
1 – Not Defined 2 - Slightly defined 3 - Defined 4-Clearly defined 
The skin borders (in the entire image) are 
1 – Not Defined 2 - Slightly defined 3 - Defined 4-Clearly defined 
The contrast between fat and muscle is 
1 – Not Defined 2 - Slightly defined 3 - Defined 4-Clearly defined 
    
 
Figure 5: Example of a clinical image assessed by the observers, the respective questions and the rating 




Descriptive statistics were managed using MS Excel and IBM SPSS statistics version 25. For the 
phantom study, descriptive statistics were used, and a Friedman test was performed. For the 
clinical image evaluation, visual grading characteristic (VGC) analysis was performed. 
Inferential statistics were carried out using SPSS and VGC analysis using VGC Analyzer version 
1.0.2.50 VGC analysis is a non-parametric and rank-invariant method for analysing visual 
grading data. It produces a VGC curve in which the image quality ratings for two different 
conditions [reference condition (no glasses) and a test condition (wearing glasses)] were 
compared one against the other by Area Under the VGC Curve (AUCVGC) plotting the VGA data 
of one against the other. An AUCVGC of 0.5 suggests that the two conditions being compared 
are providing similar fulfilment of image quality criteria, but if the 95% confidence interval of 
AUCVGC does not include 0.5, then the conditions are considered statistically different. In this 
test an AUC below 0.5 suggest preference for wearing no glasses. VGC Analyzer is a valid 
option51 for the quantitative assessment of image quality and has many advantages including 





The observers participating in both phases had an average age of 21.9 ± 2.75 years old (Table 
1). The majority of the observers (7/13) had a recent eye test (< 1 year), two had their last 
vision checked in the past two years and the remaining, more than 3 years ago and 8/13 




Table 1 - Demographic data of observers, visual acuity and the use of correction if needed.  
 
Observers Age Gender Year of study (BSc) Last Eye Test Use of Correction 
Obs1 19 F 2 < 2 years No 
Obs2 21 F 2 < 1 year Yes 
Obs3 24 M 2 > 3 years Yes 
Obs4 24 M 2 < 2 years Yes 
Obs5 21 F 2 < 1 year No 
Obs6 21 F 2 > 3 years Yes 
Obs7 23 M 3 > 3 years No 
Obs8 21 F 3 < 1 year No 
Obs9 21 F 2 < 1 year Yes 
Obs10 19 F 1 < 1 year Yes 
Obs11 29 F 4 > 3 years No 
Obs12 19 M 1 < 1 year Yes 
Obs13 23 F 2 < 1 year Yes 
 
Phase 1: Phantom Study  
Phantom images were assessed by 13 BSc radiography students. With 2 pairs of glasses the 
mean number of details identified was 9.86 ± 1.03 (out of 11), for one pair of glasses was 9.69 
± 1.11 and without glasses was 9.92 ± 1.89 (Figure 6a). Therefore, the grey-scale image did 
not differentiate performance with and without glasses (p=0.325) and the mean values are 
very similar (the mean difference was 0.23 with or without glasses, and no difference between 
1 or 2 glasses). No significant statistical difference was identified using Friedman test 
(p=0.325). 
 
(a)      (b) 
   
Figure 6 - Number of grey levels visible on RaySafe Pro-Digi phantom images: the box plot shows the 
mean (x), the median, interquartile range and outliers (●).The handles in boxplot represent minimum 
and the maximum. No outliers observed.  (a) grayscale counting, (b) TOR MAN images. 
The objects on TOR MAM images were hardly visible when using a 2 pairs of simulation glasses 
(Figure 6b), as demonstrated by a mean value of 14.62 varying between 7 and 31. For one pair 
of simulation glasses the mean was 54.62 (14 - 95) and without glasses, the mean was 86.92 
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(49 - 109). The use of 2 and 1 pairs of glasses promoted statistically significant differences in 
the detection of TOR MAM details (p=0.001) using the Friedman test when observers assessed 
TOR MAM images (Figure 6).  
It was noticed that the mean time spend by the observers to count the details varied. Time 
was shorter when observers were with 2 pairs of glasses (X=3.0 min) and a little longer (X=3.5 




Figure 7 – Time (minutes) spent by observers (obs) to analyse TOR MAM 1 and TOR MAM 2 images 
with 2, 1 and without (no) pairs of glasses (gl). 
 
 
Phase 2: Clinical Image Evaluation  
For the second phase, 7 observers completed the evaluation of clinical images. Six observers 
had corrected vision using glasses or contact lenses, while one did not. Visual performance 
was better when no simulation glasses were used, compared with one or two pairs of 
simulation glasses (Figure 8, Table 2). The AUCVGC showed that observers can lose anatomical 
information and detect fewer contrast differences when they have reduced visual acuity, 
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Figure 8 - Mean values of VGC curves generated to compare the observers not wearing glasses 
(Reference Condition) versus 1 and 2 pairs of glasses (Test Condition). 
 
Table 2 - Area under the curve (AUC) - binomial approximation.  
VCG Curves 0 Glasses vs 1 Glasses 0 Glasses vs 2 Glasses 
Area & 





Standard Deviation 0.014 0.012 
 
Comparing the challenge of anatomical image evaluation when observers were wearing 1 pair 
of simulation glasses to 0 pairs, it was possible to verify that the skin borders in the images 
were the most difficult anatomical area to evaluate. On the other hand, the evaluation of 
joints spaces did not differ when observers changed from 2 to 1 pairs of glasses (Figure 9a & 
9b). The differentiation between trabecular and cortical bone, fat and muscle soft tissues was 
better when observers had no glasses (Figure 9a). 
 
Figure 9 - VGC curves calculated for each individual answer related to each anatomical detail 
(trabecular and cortical bone, joint spaces, skin, fat and muscle) evaluated by the observers with: (a) 1 
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pairs glasses as test condition, (b) 2 pairs glasses as test condition. Reference condition is considered 
as no simulation glasses on. 
 
When the observers’ performance to evaluate anatomical details was compared between 2 
pairs of simulation glasses and no glasses (reference condition), it was possible to verify the 
same tendency. The joint spaces were less challenging to identify, while the trabecular pattern 
and cortical margins of the bone were harder to identify. The skin edges, muscles and fat 
differentiation were more difficult to detect when 2 pairs of simulation glasses were used 
(Figure 9b).  
For the clinical images, the observers needed less time when they did not use simulation 
glasses (8.9 ± 2.2 min), compared to when they had 1 pair of simulation glasses (12.1 ± 3.3 
min) and 2 pairs of simulation glasses (15.4 ± 3.6 min). Wearing 1 pair of simulation glasses 
promoted an increase of about 36% of time (minutes), while 2 pairs promoted an increase of 
72% (Figure 10).  
 
 
Figure 10 - Time spent by each observer with 2 pair of glasses, 1 pair of glasses and no glasses, with 




The results confirm that a reduction in visual acuity can negatively impact object counting 
exercises and the evaluation of image quality in clinical images. Not only was the counting and 
the identification of details affected but also the time required to perform these tasks 
increased with reduced visual acuity. This may indicate that radiographers’ image quality 
evaluation can be impacted by visual acuity. Radiographers are the first health professionals 
to see a patients’ radiographic images, they make decision based on image acquisition, post-
processing and evaluation. 2,3,54,55 If their visual acuity is compromised this could negatively 
affect in clinical image evaluation. Low contrast and smaller size objects were more 
challenging to identify when the observers were using 2 pairs of glasses (Figure 6). The 
Interquartile Range (IQR) for images assessed with no glasses was 60, showing an increase on 
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the number of details identified. The time spent performing this task varied, being lower for 
high contrast details when observers were wearing 2 pairs of glasses and longer for smaller 
low contrast details. The shorter time associated with wearing 2 pairs of glasses could be due 
to the inability to distinguish the objects because of the visual acuity reduction, thus forcing 
the observers move to the next stage of the task. For the images with low contrast details no 
difference was noted in the evaluation, meaning that the performance was similar (99.86, 
9.69, 9.92) when the observers were with or without glasses (Figure 6). This result may be 
explained by the contrast sensitivity of each individual observer which can vary 10,12 meaning 
details are visible for some and not visible for others.  
Observer performance deteriorated with visual acuity reduction in the identification of the 
specific anatomical details that were evaluated on clinical images. The negative impact was 
observed in the detection of anatomical details and also on the longer time spent performing 
the task. With 1 pair of glasses, the visualisation of the soft tissues was the more difficult 
anatomical detail to identify. Soft tissue details are considered important because it is an 
example of low contrast detail, it also is an indicator of the margins of the image. An inability  
to see it this details may make it impossible to make a decision as to whether the correct 
anatomical area has been included. A further reduction (2 pairs of glasses) in visual acuity 
reduced the visualisation of trabecular patterns and cortical margins, both of which are also 
important to consider in image quality evaluation 48 mainly when looking for fractures. As 
observed in the details counting, the anatomical structures that have higher contrast (joint 
spaces) were visualised more clearly compared to those with low contrast as soft tissues. 
  
The image evaluation time was faster without glasses, this may be due to normal visual acuity, 
but it can also be due to the strategy of putting observers analysing images using 2 pairs of 
glasses, then with 1 pair of glasses, and finally without glasses. The selected method may have 
made them more familiar with the images and software manipulation, which will make them 
work faster with time. 
 
The Health and Care Professions Council (HCPC)54 states that radiographers need to: “be able 
to maintain fitness to practice and be able to assure the quality of their practice”, this clearly 
includes the ability to see the images they produce. It is self-evident that if a radiographer 
cannot adequately evaluate the diagnostic quality of the image; where they have reduced 
visual performance, they are more likely to make inappropriate decisions on image quality. 
Errors would be more likely to occur where low contrast detail or high noise is at question. 
Digital radiography systems can compensate for under and over exposure but where noise is 
high, the digital system will adjust the brightness, and may reduce noise, masking the lack of 
anatomical details. This type of difference is subtle and is likely to be made more difficult by a 
lack of visual acuity. Further work is needed to understand the thresholds of visibility.    
 
The main contribution of this study to the radiographers’ clinical practice is related to the 
opportunity to analyse and discuss the impact of visual performance on daily tasks, that may 
affect examination outcomes and potentially patient management. Regarding the published 
literature, the eye performance is overlooked and there is no evidence that training, viewing 
conditions or experience can overcome the visual acuity reduction.14,29,35,37,56,57 From the 
results obtained, it seems that visual performance needs to be considered to reduce the risks 
associated with incomplete or incorrect diagnosis. If employers or professional bodies were 
to introduce regular eye tests into health screening it may reduce the risk of misinterpretation 
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as a result of poor vision. The eye screening tests, and correction measures may assist in 
improving radiology practice service standards and further enhancing quality assurance. This 
could help to ensure that any changes in visual acuity are corrected accordingly. These 
proposed refining methods could safeguard image evaluation and review from being impeded 
by visual acuity reduction, as number of professions whose expertise affect the safety of the 
general public have a basis of visual standard.5  
 
There are some limitations to the current work. There was no optometrist available to 
measure and correct the differences on observers’ vision acuity before data collection, this 
would have helped to establish a baseline of visual acuity for each observer. This study only 
included observers with short experience in radiography and it would be interesting to include 
more aged to better represent radiographers’ population and also more experienced to see if 
experience would overcome eventual visual acuity reduction. According to the literature 
image evaluation can be affected by the level of experience/expertise.56 As the level of 
expertise increases, the ability to evaluate images accurately improves. This means that even 
with compromised vision, the professional would be able to evaluate images up to the 
standard requirements owing the adaptive capabilities of the eyes. The counting of objects 
and image evaluation were carried out on calibrated 2.3 MP resolution monitor that would be 
classed as computers off the shelf (COTS). These are similar in specification to those used in 
clinical practice by the radiographers for initial assessment. However, that can be seen as a 
limitation because in previous work it was shown that this type of monitors does not keep 
their calibration compared to medical grade monitors used for primary diagnosis.58 
 
Conclusion 
A visual acuity reduction negatively affects image quality evaluation, therefore, radiographers 
with visual acuity reduction may be more prone to incorrectly appraising the quality of images 
due to the lack of identification of artefacts or other low contrast details. 
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